ABSTRACT: Sixty-three Boer crossbred goats were used in 5 separate experiments (Exp. 1 to 5) to evaluate the effects of a commercial probiotic supplement on growth performance (Exp. 1 to 4), diet digestibility (Exp. 5), carcass traits (Exp. 3), and fecal bacterial populations (Exp. 4). Goats were either fed a commercially pelleted concentrate diet and supplemented with a commercial probiotic (PRO) that had shown anecdotal positive effects on goat growth and performance according to local goat producers, or they remained as controls. The dose of PRO used was within the labeled dose for sheep for all studies. For Exp. 1, goat BW and feed intake were measured and G:F was calculated every 7 d for 56 d. For Exp. 2 to 4, BW and feed intake were measured and G:F was calculated every 14 d. The first day of supplementation was considered d 0. Carcass traits were also collected at slaughter on d 57 for Exp. 3, and fecal samples were collected every 14 d for microbial culture for Exp. 4. For Exp. 5, which was a digestibility trial that lasted for 10 d, animals were placed in metabolic pens for collection of feces and orts. Growth performance of goats was not affected by probiotic supplementation, with the exception of performance in Exp. 2, in which ADG and G:F were improved (P < 0.03) in PRO goats compared with control goats on d 56 only (treatment × day interaction; P < 0.05), averaging 0.21 ± 0.02 kg/d for PRO goats and 0.11 ± 0.02 kg/d for control goats for ADG and 0.17 ± 0.02 for PRO goats and 0.10 ± 0.02 for control goats for G:F. Carcass weights and weights of fabricated cuts (shoulder, loin, leg, rack, shank, and total parts) as well as carcass length, leg circumference, loin eye area, and backfat were not influenced by PRO supplementation. Apparent digestibilities of OM, DM, NDF, ADF, CP, and GE (on a DM basis) were similar for the PRO and control treatments. Fecal culture analysis of Escherichia coli and coliforms, Lactobacillus, and Bifidobacterium populations were not influenced by the PRO treatment. Overall, although the PRO treatment affected goat ADG and G:F in Exp. 2, no PRO treatment effects were noted on growth performance for Exp. 1, 3, and 4. Furthermore, the PRO treatment did not affect diet digestibility, carcass traits, or fecal microbial populations in goats. In conclusion, no consistent benefits were noted from supplementing healthy, growing meat goats with PRO.
INTRODUCTION
Probiotic preparations have shown promising results in a variety of animal production areas. For example, multispecies probiotic preparations increased ADG and feed efficiency in lambs (Lema et al., 2001 ) and in feedlot cattle during the initial feeding period (SwinneyFloyd et al., 1999) . Moreover, supplementing weaned pigs with Lactobacillus brevis increased growth rates by the end of the nursery period compared with control pigs (Davis et al., 2007) , and direct-fed microbial supplementation also increased feed efficiency during the growing-finishing and finishing stages in pigs (Davis et al., 2008) . Probiotics might also affect fecal microbial populations. For example, feeding probiotic bacteria to lambs decreased excretion of Escherichia coli O157:H7 (Lema et al., 2001) , and direct-fed micro-bial supplementation also reduced Salmonella shedding in beef cattle (Stephens et al., 2007) . However, little research has been conducted on the use of probiotics or direct-fed microbials in goats. Therefore, the objective of 5 separate experiments was to evaluate the effects of a commercial probiotic supplement on growth performance, diet digestibility, carcass traits, and fecal bacterial populations in meat goats.
MATERIALS AND METHODS
All animal-related procedures were conducted in compliance with the University of Maryland Eastern Shore Institutional Animal Care and Use Committee guidelines.
Animals and Probiotic Supplement
Over a 3-yr period, 5 separate experiments were conducted with Boer crossbred meat goats (50 to 75% Boer) of similar genetic background, with age, BW, and sex (as applicable) stratified by treatment. Castrated males and females were used in Exp. 1 and 4, whereas only castrated males were used in Exp. 2, 3, and 5. In all 5 experiments, a standard, commercially pelleted concentrate goat ration (15% Meat Goat Ration, Southern States Inc., Richmond, VA; Table 1 ) was supplemented with probiotics (PRO) at amounts within the suggested range of the manufacturer (for sheep).
The commercial probiotic supplement used was chosen because it had shown anecdotal positive effects in goats on local producer farms. The product used (Fastrack, Conklin Co., Shakopee, MN) contained active dry yeast and lactic acid-producing bacteria, including Lactobacillus acidophilus and Enterococcus faecium. The minimum active bacteria and enzyme units guaranteed per 28 g were E. faecium (2.5 billion cfu), L. acidophilus (2.5 billion cfu), protease-Bacillus subtilis (22,125 protein catalytic units), amylase-B. subtilis, and Aspergillus oryzae (13,289 bacterial amylase units). The product also contained an unspecified amount of fructooligosaccharide as a prebiotic. A sample of the product used was cultured and found to contain live Lactobacillus as labeled (data not shown). For Exp. 3, 4, and 5, wheat middlings (Southern States, Gettysburg, PA) were used as a control supplement as suggested by the probiotics manufacturer at an amount similar to that of probiotic supplementation. Goats in Exp. 1, 2, and 3 had free access to salted trace mineral blocks. Average proximate analysis results (AOAC, 2002) for the commercial diet, probiotics, and wheat middlings used in all experiments can be found in Table 1 .
Animals were treated for internal parasites and vaccinated for Clostridium perfringens type C and D, and Clostridium tetani (Intervet, Millsboro, DE) before and, for Exp. 5, during the feeding period (booster).
Exp. 1 and 2
The objective of Exp. 1 and 2 was to determine the effect of a commercial PRO supplement on growth performance in goats at the least labeled dose (for sheep). Forty-four castrated male and female goats at 191 ± 4.5 d of age and 22 ± 0.3 kg of BW were placed into 3 × 3 m pens with slatted concrete floors. There was 1 female per pen, and each treatment group had 1 pen of 4 goats, with the remaining pens containing 3 goats. Animals were fed preweighed rations of a commercially pelleted concentrate diet (described above) ad libitum once daily and had access to fresh water. After a 21-d adaptation period, 7 pens were supplemented with 14.3 g/d per animal of PRO added fresh daily on top of feed; the remaining 7 pens remained unsupplemented (control). Goat BW was measured on d 0 (first day of supplementation) and every 7 d thereafter. Feed intake was also measured every 7 d by weighing unconsumed portions of preweighed rations, and ADG and feed efficiency (G:F; kg of gain/kg of feed) were calculated for each 7-d period.
For Exp. 2, a total of 24 castrated male goats at 125 ± 1.6 d of age and 19 ± 0.4 kg of BW were placed into 2.5 × 2.5 m pens with packed-dirt, straw-bedded floors, with 3 goats/pen and 4 pens/treatment. After an 18-d adaptation period, goats in the PRO treatment were supplemented with 29.4 g/d of probiotics per animal; control goats remained unsupplemented, with the diets and supplementation regimen the same as for Exp. 1. Goat BW was measured on d 0 (first day of supplementation) and every 14 d thereafter. Feed intake was also measured every 14 d by weighing unconsumed portions of preweighed rations, and ADG and feed efficiency (G:F; kg of gain/kg of feed) were calculated for each 14-d period.
Exp. 3
The objective was to determine the effect of a commercially available PRO product (at a dose greater than that for Exp. 1 and 2, but still within the labeled range of the product for sheep) on growth performance and carcass traits in meat goats. Twenty-four castrated male goats at 135 ± 2.1 d of age and 22 ± 1.2 kg of BW were placed into 2.5 × 2.5 m pens with packeddirt, straw-bedded floors, with 3 goats/pen and 4 pens/ treatment. Animal care and sampling were conducted as for Exp. 2, except that the adaptation period was 15 d. Treatments were 42 g/d per goat of PRO or 42 g/d per goat of wheat middlings for the control treatment. At the end of the study, goats were slaughtered at a US-DA-inspected abattoir. Hanging carcasses were stored at 1°C for 2 d before carcass weights and carcass data were measured and recorded. Carcass leg circumference was measured across the stifle of the leg, around both legs, hanging spread like pork carcasses, and carcass length was measured from the point of the hock to the point of the shoulder, anterior to the scapula-humerus joint. The carcasses were then ribbed between the 12th and 13th ribs, and loin eyes were traced onto acetate paper and measured by using a dot square grid (25.8 cm 2 ) to determine the average loin eye area. The fat depth was measured from the inside of the loin eye to the outside fat between the 12th and 13th ribs over the loin eyes at the midpoint on both sides to determine the average backfat depth. Carcasses were then fabricated into shoulder, loin, leg, rack, and shank sections, and weights were obtained for each section.
Exp. 4
The objective was to determine the effects of a commercially available PRO product supplemented at the largest recommended dose on the product label for sheep on growth performance and fecal microbial populations in meat goats. At weaning (67 ± 2.1 d of age and 19 ± 2.2 kg of BW), 24 castrated male and female goats were placed into individual 1.8 × 1.8 m pens with slatted metal floors and were cared for, treated [42 g/goat of PRO (PRO treatment) or wheat middlings (control treatment)], and sampled as for Exp. 3, with 12 animals per treatment. In addition, fecal samples were collected directly from the rectum of each animal on d 0, 14, 28, and 56 and placed into preweighed sterile tubes on ice for later analysis of Lactobacillus, E. coli, and Bifidobacterium populations. After reweighing tubes containing fecal samples, a sterile glycerol salt solution was added at the rate of 1 mL/g of feces, and samples were placed on ice and then frozen at -70°C until further processing (Berg et al., 2005) . Briefly, fecal samples were thawed and diluted in anaerobic diluent (Bryant and Burkey, 1953) , and dilutions of 10 −2 to 10 −4 were inoculated onto different plates to maximize counting precision. The media for Lactobacillus bacteria were anaerobic de Man, Rogosa, and Sharpe broth and agar (20 g/L) with vancomycin supplement (20 mg/L) and bromocresol green (Fisher Scientific, Pittsburgh, PA). For Bifidobacterium, the medium used was a modified Columbia agar, containing 0.5% (vol/vol) propionic acid (Fisher Scientific). Incubation time for
Lactobacillus and Bifidobacterium was 48 h at 37 ± 2°C in an anaerobic gas chamber (GasPak Model 150, Fisher Scientific); E. coli was enumerated (cfu/g) by using the Petrifilm method (3M Microbiology, St. Paul, MN) according to the instructions of the manufacturer, in which 1 mL of diluted sample was inoculated onto the Petrifilm plates, incubated at 34°C for 24 h, and enumerated (cfu/mL).
Exp. 5
The objective was to determine the digestibility of diets supplemented with a commercially available PRO product (at a dose within the range for sheep listed on the product label). Ten castrated male Boer crossbred meat goats (165 ± 2.1 d of age and 29 ± 2.1 kg of BW) were supplemented with 42 g/goat of PRO (PRO treatment) or wheat middlings (control treatment) during a 9-d adaptation to the diets, with 5 goats/treatment. During the adaptation period (not the experimental period), animals were housed in 3 × 3 m pens with slatted concrete floors (2 to 3 goats/pen and 2 pens/treatment). Supplementation continued as animals were placed in individual metabolism pens (1.5 × 0.75 m), with a 3-d adaptation period followed by a 7-d collection period. Goats were allowed ad libitum access to water and preweighed rations. For the collection period, orts and daily fecal material were removed, weighed, and a 10% sample was collected and stored at −20°C until analysis. At the end of the collection period, samples from each goat were combined and stored frozen at −20°C until analysis. Samples of diets and supplements were also collected daily and stored at −20°C until combined and chemically analyzed to determine diet digestibility. Samples of diets, supplements, orts, and feces were dried, ground to pass through a 1-mm screen, and analyzed for DM, CP, ash, NDF, ADF, and GE (AOAC, 2002) . Feed intake was determined by measuring unconsumed portions of preweighed diets. One goat from the PRO group stopped eating and was removed from the study; data from the animal were not used in analyses (leaving 4 goats in the PRO group and 5 goats in the control group).
Statistical Analysis
For Exp. 1 to 4, data were analyzed by using a mixed model ANOVA (MIXED procedure, SAS Inst. Inc., Cary, NC) for repeated measures data (BW, ADG, intake, G:F). Pen was the experimental unit. Arithmetic means were calculated for each pen and used for data analysis. Class variables in the model included treatment, pen, and day; the model tested main effects and the interaction of treatment × day; pen within treatment was the random term, and day was repeated (Littell et al., 1998) . Carcass, log-transformed microbial culture, and nutrient digestibility data were analyzed for the effects of treatment by ANOVA with the GLM procedure (SAS Inst. Inc.). Nutrient digestibility data (percentage data) were also analyzed by using nonparametric analyses for data not normally distributed with the NPAR1WAY procedure (Dilorio and Hardy, 1996 ; SAS Inst. Inc.), with similar results. Sex was included as a class variable, and sex and the interaction of sex × treatment were tested in all analyses in which both male and female animals were used. When main effects or interactions were significant (P < 0.05), the least squares means procedure was used to separate means (SAS Inst. Inc.). Least squares means were reported for all data.
RESULTS AND DISCUSSION

Growth Performance
For Exp. 1, 3, and 4, ADG, G:F, and feed intake were not influenced by PRO supplementation (P > 0.05; Table 2). For Exp. 2, goat ADG was greater (P < 0.03) and feed efficiency was better (P < 0.02) for the PRO treatment when compared with the control treatment on d 56 only (Figure 1 ; treatment × time, P < 0.05). Feed intake for Exp. 2 was not influenced by treatment and averaged 1.17 ± 0.04 kg/d per goat for the PRO treatment and 1.11 ± 0.04 kg/d per goat for the control treatment. In addition, BW at each sampling period was not influenced by treatment for Exp. 1 to 4 but, as expected, was influenced by day, increasing over the experimental period (P < 0.01; data not shown). Based on these experiments, the commercial probiotic product administered (which contained direct-fed microbials along with an oligosaccharide as a prebiotic) did not consistently affect the growth performance of goats. Similar results were reported in cattle, in which no differences in final BW and ADG were found for finishing beef steers supplemented with Lactobacillus (Kiesling et al., 1982) or a combination of Lactobacillus and Propionibacterium freudenreichii (Brashears et al., 2003) . In contrast, goats fed curds as a probiotic supplement had greater BW gains than those not supplemented (Anandan et al., 1999) , direct-fed microbial supplementation increased ADG in cattle (Rust et al., 2000) and lambs (Lema et al., 2001 ; multispecies preparation), and weanling pigs administered L. brevis had greater BW at the end of the treatment period than did unsupplemented pigs (Davis et al., 2007) .
Differences in the results of these experiments may be because of differences in the animal models used, the diets or the probiotic or direct-fed microbial preparations used, the administration methods or timelines, or differences in the environments. For example, in a review of direct-fed microbial use in ruminant diets, Krehbiel et al. (2003) provided evidence that the experiments in which calves did not respond to probiotic treatment were those in which the animals were not experiencing health problems. Elam (2003) indicated that beef steers on feed and supplemented with direct-fed microbial preparations had greater ADG and G:F than unsupplemented animals but that the supplement did not influence those variables for animals that had been fed for a longer time period. Swinney-Floyd et al. (1999) also noted that for cattle supplemented with direct-fed microbials, ADG was improved during the first 10 d of supplementation (when the diets fed were designed to induce ruminal acidosis) compared with those not supplemented, but that advantage disappeared over the course of the feeding period. Therefore, prior animal health status and the timeline of administration may influence the effect of probiotic supplementation.
Except for Exp. 2, in which feed efficiency was increased on d 56, feed intake and G:F were not influenced by treatment in goats (P > 0.05; Table 2 ). No influence of microbial supplementation was found for DMI in prepartum dairy cows (Nocek et al., 2003) or beef steers (Ghorbani et al., 2002; Brashears et al., 2003; Elam, 2003) , and G:F and DMI were also not influenced by supplementation in midlactation dairy cows (Raeth-Knight et al., 2007) . In contrast, Lema et al. (2001) noted that feed efficiency was increased because of mixed-species microbial supplementation when Because no treatment differences were noted (P > 0.05), grand means for each experiment are reported. compared with those with single species or no supplementation. Overall, the results of these studies indicate that DMI and efficiency responded differentially to probiotic supplementation, which, again, might be because of differences in the animal models, environment, type of probiotic supplement used, or supplementation timelines.
Carcass Traits
In Exp. 3, carcass and cut weights as well as carcass traits were not influenced by treatment (P > 0.05; Table 3 ). Ware et al. (1988) reported that supplementation of lactate-producing bacteria, lactate-utilizing bacteria, or both in feedlot cattle did not affect USDA yield grade, USDA quality grade, dressing percentage, or marbling score. Kiesling et al. (1982) also reported no differences in carcass characteristics of feedlot steers treated with Lactobacillus during the finishing period compared with control steers. Elam (2003) reported no influence of direct-fed microbial supplementation on feedlot cattle carcass characteristics in 1 experiment and minor, seemingly unexplainable, differences in the other (when compared with unsupplemented animals). Overall, these studies support the findings of the present study indicating that PRO supplementation did not influence carcass traits in goats.
Diet Digestibility
In the present study, the apparent digestibilities by goats of DM, OM, ash, NDF, ADF, CP, and GE for PRO-supplemented diets were not different from for those of control diets (P > 0.05; Table 4 ). Apparent digestibilities of DM, OM, CP, NDF, ADF, and energy by sheep were not affected by supplementation with probiotics (lactic acid bacteria or yeast) or prebiotics (galacto-oligosaccharides; Mwenya et al., 2004) , and DM, OM, NDF, and ADF digestibilities by beef cattle of diets supplemented with E. faecium and yeast were not different from those of unsupplemented diets (Beauchemin et al., 2003) . In midlactation dairy cows, apparent digestibilities of DM, CP, NDF, and starch were also not influenced by single microbial strain supplementation (P. freudenreichii; Raeth-Knight et al., 2007) . However, ruminal digestion of forage DM seemed to be enhanced by supplementation with 2 E. faecium microbial strains in pre-and postpartum dairy cows (Nocek and Kautz, 2006) . These results indicate that strain type and number may influence the effectiveness of probiotic supplementation.
Fecal Microbial Population
The present study measured generic E. coli and coliforms along with Lactobacillus and Bifidobacterium, which were not influenced by treatment (P > 0.05). Lactobacillus averaged 6.1 ± 0.04 log cfu/g, presumptive Bifidobacterium averaged 6.9 ± 0.10 log cfu/g, and E. coli and coliforms averaged 4.8 ± 0.07 log cfu/g for all animals. When monitoring for E. coli O157:H7, directfed microbial supplementation decreased the shedding of the organism in lambs (Lema et al., 2001; Mwenya et al., 2004) and cattle (Brashears et al., 2003; Elam, 2003; Younts-Dahl et al., 2004 and Stephens et al., 2007 , also found a reduction in fecal Salmonella). Overall, results of the microbial culture in the present study are in agreement with several other studies in which administration of probiotics did not influence fecal bacteria in a variety of species (Saxelin et al., 1995; Abu-Tarboush et al., 1996; Saito et al., 2002; Satokari et al., 2004) .
In conclusion, under the conditions of the present studies, with apparently healthy animals adapted to concentrate feeding before supplementation, the commercial probiotic product used did not provide a consistent additional benefit to meat goat production (with positive effects for 1 sampling period in Exp. 2). The variation in responses to probiotic or direct-fed micro- bial treatment in this and other studies indicates that more research is needed to isolate animals or conditions in which probiotic supplementation would be cost effective.
